Abstract. Tubeimoside-1 (TBMS1), a triterpenoid saponin isolated from the tuber of Bolbostemma paniculatum (Maxim) Franquet, serves an universal suppressive role in multiple cancer types, including lung cancer. However, the mechanism involved in non-small cell lung cancer (NSCLC) cells by which TBMS1 elicits its antitumor effects is not yet completely understood. The present study indicated that 10 µmol/l TBMS1 significantly enhanced apoptosis and notably blocked the migration and invasion of NCI-H1299 cells. These effects were reversed following transfection with miR-
Introduction
Lung cancer is the second most prevalent and the most lethal malignancy in both men and women throughout the world (1) . The majority of which are non-small cell lung cancer (NSCLC) related to tobacco-driven carcinogenesis (2) . NSCLC originates from respiratory epithelial cells (3), the early stage of which can be treated by curative intent surgery, but NSCLC is always un-diagnosable until advanced stage IIIB or IV because of its nonspecific early symptoms, or relapse after surgery because of its unlimited proliferation and metastasis (4) . Generally, NSCLC cells could migrate to regional lymph nodes through lymphatic spreading and to distant organs through hematogenous spreading, most commonly to the liver, bone marrow, adrenal glands and the brain (1) . Therefore, effective therapeutic approaches to control the proliferation and metastasis of NSCLC are expected to reduce mortality of this disease.
Tubeimoside-1 (TBMS1) is an active ingredient from the tuber of Bolbostemma paniculatum (Maxim) Franquet (5), the traditional Chinese herb with detoxification and detumescent properties (6) . Prior studies have been identified that TBMS1 exerted potent antitumor activity with low toxicity to non-tumor cells (7) . It can arrest the cell cycle at G2/M phase to inhibit proliferation (6, 8, 9) , as well as induce the release of cytochrome c via increasing mitochondrial dysfunction and endoplasmic reticulum stress to enhance the apoptosis in various cancer cells (10) (11) (12) (13) . In lung cancer, TBMS1 exerts its cytotoxicity by increasing the Bax to Bcl-2 ratio and triggering mitochondrial-related apoptotic pathway (14, 15) . However, neither the contribution of TBMS1 to NSCLC metastasis nor the internal mechanism has been substantiated. miRNAs are evolutionarily conserved non-coding RNAs capable of negatively regulating gene expression by binding to the 3'-untranslated region (3'-UTR) on target mRNAs (16) . miR-126-5p, as known as miR-126 * , is a 5' part of the miR-126 transcript that located in the epidermal growth factor-like domain 7 (EGFL7) gene (17) . miR-126 is involved in multiple processes of cellular activities via suppressing target genes such as vascular endo thelial growth factor (VEGF), PI3K, EGFL7, CRK, ADAM9, IRS-1, SOX-2 and SLC7A5 (16) . Previous studies have found that miR-126-5p was significantly downregulated in patients with coronary artery disease, overexpression of miR-126-5p promoted endothelial proliferation, increased pro-angiogenic endothelial cell behavior and limited atherosclerosis (18) (19) (20) . Apart from that, the expression of miR-126-5p is notably reduced in alcohol-related hepatocellular carcinoma, breast carcinoma and prostate cancer (21, 22) . Cho and colleagues showed that miR-126-5p was significantly downregulated using miRNA microarrays, which was the most differentially expressed miRNA in lung cancer (23) . Accordingly, we speculated that TBMS1 might repress the progression of NSCLC through regulating the expression of miR-126-5p.
Therefore, this study observed the status of survival, migration and invasion in TBMS1-treated NCI-H1299 cells with miR-126-5p inhibitor transfection. Then we detected miR-126-5p targeted VEGF-A-related pathway through overexpression of VEGF-A and VEGFR-2 in TBMS1-treated NCI-H1299 cells. The results showed that the cytostatic and anti-metastatic effects of TBMS1 was mediated by overexpressing miR-126-5p caused inactivation of VEGF-A/VEGFR-2/ERK pathway.
Materials and methods
Cell culture. Human non small cell lung cancer NCI-H1299 cell line was purchased from Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). Cells were grown in Roswell Park Memorial Institute-1640 (RPMI-1640; Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS; HyClone, Logan, UT, USA) and streptomycin/penicillin (100 U/ml) at 37˚C in a humidified atmosphere containing 5% CO 2 .
Drug treatment. TBMS1 (Shanghai PureOne Biotechnology Co., Shanghai, China) was completely dissolved in ddH 2 O. NCI-H1299 cells were exposed to TBMS1 of an ascending concentration range (0, 2.5, 5, 10, 25, 50 µM) for 48 h followed by CCK-8 assay to find the optimum concentration. Then NCI-H1299 cells with or without transfection were exposed to 10 µmol/l TBMS1 for 48 h for further experiments. The untreated NCI-H1299 cells with or without transfection were experimented in parallel as control. For the detection of ERK pathway, NCI-H1299 cells were administrated with 10 µmol/l TBMS1 and tert-butylhydroquinone (TBHQ; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) for 48 h. The TBMS1 treatment alone and untreated NCI-H1299 cells were employed as positive control and negative control. Plasmids, miR-126-5p inhibitor and transfection. The plasmids pcDNA3.1-VEGF-A and pcDNA3.1-VEGFR-2 harboring VEGF-A-coding sequences and VEGFR-2-coding sequences, along with miR-126-5p inhibitor were all constructed by Vipotion Co., Ltd. (Guangzhou, China) and were transfected into NCI-H1299 cells respectively using the Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA) strictly following the manufacturer's instructions. Cells were harvested after 24 h of transfection for RT-qPCR detection and 48 h of transfection for western blot detection.
Patients
Hoechst staining assay. NCI-H1299 cells in each group were grown onto coverslips in 12-well plates at a density of 5x10 4 /well. After growing to 80% confluences, cells were administrated with 10 µmol/l TBMS1 for 48 h followed by Hoechst Staining assay strictly according to the protocol of Hoechst Staining kit (Beyotime Institute of Biotechnology). Then all coverslips were mounted inversely onto slides with anti-fluorescein quencher addition (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) and observed under a fluorescence microscope (Olympus, Tokyo, Japan) and photographed.
Flow cytometric analysis of cell apoptosis. Cell apoptosis analysis was performed with a Annexin V-FITC/PI apoptosis detection kit (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) strictly following the manufacturer's instructions. In brief, Cells in each group was resuspended in 500 µl binding buffer containing 5 µl Annexin V-FITC and 5 µl PI. Then the mixture was incubated for 15 min at room temperature in the dark. Cell apoptosis was detected through flow cytometry and calculated by CellQuest software.
Wound healing assay. Cells were planted in 6-well plates and grown to 80% confluence. A artificial wound was gently created with a 200 µl pipette tip on the confluent cell monolayer in each group. The detached cells were removed by FBS-free RPMI-1640 medium. Thereafter, cells were cultured in FBS free PMI-1640 medium supplemented with indicated drug for 48 h. The migrating cells were imaged using an inverted microscope. The migration rate was the ratio of the migrated distance to the initial distance.
Matrigel-based invasion assay. The upper chambers of 24-well Transwell system (Corning, Tewksbury, MA, USA) were pre-coated with matrigel (BD Biosciences, San Jose, CA, USA). Cells were resuspended in FBS-free RPMI-1640 medium with indicated drug and plated in the upper chamber of the transwell system with a density of 2x10 4 /well. RPMI-1640 (800 µl) plus 30% FBS was added into the lower chamber. Cells were incubated in the Transwell system for 48 h, then the non-invading cells at the upper-surface of the membrane were removed by cotton swabs, and the invading cells at the under-surface of the membrane were fixed in 4% paraformaldehyde for 20 min and stained with crystal violet for 5 min. The number of invading cells at each group was counted in five randomly selected fields with a blinded manner under an inverted microscope.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA in each sample was extracted by an RNA extraction kit (Tiangen Biotech Co., Ltd., Beijing, China) completely following the manufacturer instructions and reverse-transcribed into cDNA. RT-qPCR was carried out by Stratagene Mx3000P (Stratagene; Agilent Technologies, Inc., Santa Clara, CA, USA) using Bestar ® SybrGreen qPCR MasterMix (DBI ® Bioscience, Ludwigshafen, Germany) with the following protocol: Initial denaturation at 95˚C for 2 min, 40 cycles consisting of 94˚C for 20 sec, 58˚C for 20 sec, and 72˚C for 20 sec. The following primers were used: miR-126-5p, 5'-CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG CGC GTA-3' (sense) and 5'-ACA CTC CAG CTG GGC ATT A TT ACT TTT GGTA-3' (antisense); VEGFR-A, 5'-AGG GCA G AA TCA TCA CGA AGT-3' (sense) and 5'-AGG GTC TCG ATT GGAT-GGCA-3' (antisense); VEGFR-2, 5'-ATA GAA GGT G CC CAG GAA AAG-3' (sense) and 5'-GTC TTC AGT TCC CCT CCA TTG-3' (antisense); MEK1, 5'-GGG CTT CTA-TGG TGC GTT CTA-3' (sense) and 5'-CCC ACG GGA GTT GAC TAG GAT-3' (antisense); ERK, 5'-TCT GGA GCA GTA TTA CGA CCC-3' (sense) and 5'-CTG GCT GGA ATC TAG CAG TCT-3' (antisense); β-actin, 5'-ATC GTG CGT GACA-TTA AGG AGA AG-3' (sense) and 5'-AGG AAG GAA GGC TGG AAG AGTG-3' (antisense). Relative mRNA expressions were obtained by 2 -∆∆CT method. β-actin was served as an internal control. 
Results

µM TBMS1 could significantly reduce cell growth and upregulate miR-126-5p expression.
We first employed CCK-8 assay to determine the effect of TBMS1 on NCI-H1299 cell growth. The results showed that cell viability exhibited dose-dependent inhibitions after TBMS1 treatment for 48 h, and the inhibitory effect was sharply increased at 10 µM TBMS1 treatment, so we chose 10 µM TBMS1 for subsequent experiments ( Fig. 1A ; P<0.001).
Next, we conducted RT-qPCR to detect the expression of miR-126-5p in both NSCLC pathological specimens and TBMS1-treated NCI-H1299 cells. We found that miR-126-5p was notably downregulated in NSCLC tissues compared with normal adjacent tissues ( Fig. 1B; P<0.001) . Furthermore, the significantly elevated miR-126-5p level was observed in NCI-H1299 cells upon TBMS1 treatment for 48 h compared with control ( Fig. 1C; P<0.001) .
The above results demonstrated that 10 µM TBMS1 could significantly reduce cell growth and upregulate miR-126-5p expression.
TBMS1 stimulates the apoptosis and inhibits the metastasis of NCI-H1299 cells by promoting miR-126-5p expression.
To identify whether miR-126-5p is involved in the antitumor effects of TBMS1 in NSCLC cells, the miR-126-5p inhibitor was transfected into NCI-H1299 cells. Then Hoechst staining and flow cytometry were employed to investigate cell apoptosis, and wound healing and matrigel-based invasion assays were used to evaluate the migration and invasion of NCI-H1299 cells. The results showed that substantial nuclear condensation and apoptotic bodies were appeared in TBMS1-treated NCI-H1299 cells, which was reversed after inhibiting miR-126-5p ( Fig. 2A; P<0.001) . Similarly, the total apoptosis rate of NCI-H1299 cells was increased significantly after TBMS1 treatment for 48 h compared with control, but was decline after inhibiting miR-126-5p ( Fig. 2B; P<0.001) . Besides, the wound healing rate of TBMS1 treated NCI-H1299 cells was much lower than control at the point of 48 h after wound creation (P<0.001), but was notably elevated after inhibiting miR-126-5p ( Fig. 2C; P<0.05) . Simultaneously, the number of invading cells was 19.10±2.40 after TBMS1 treatment for 48 h, which was obviously decreased as compared to control cells (58.16±5.03), but the effect of TBMS1 was diminished by inhibiting miR-126-5p ( Fig. 2D; P<0 .001). The above results suggested that TBMS1 stimulates the apoptosis and inhibits the metastasis of NCI-H1299 cells by promoting miR-126-5p expression.
TBMS1 increased miR-126-5p downregulates the expressions of VEGF-A and VEGFR-2 to enhance the apoptosis and reduce the metastasis of NCI-H1299 cells.
RT-qPCR and western blot analysis were performed to detect the expression of VEGF-A and VEGFR-2 in miR-126-5p inhibitor transfected NCI-H1299 cells under TBMS1 treatment. We found that TBMS1 coordinately downregulated VEGF-A and VEGFR-2 expressions at both mRNA and protein levels in NCI-H1299 cells compared with control, as well as the significantly suppressed phosphorylation of VEGFR-2 ( Fig. 3A-C; P<0 .001). While inhibiting miR-126-5p remarkably reversed above effects ( Fig. 3A-C ; P<0.001). As VEGF-A is a target for miR-126-5p, the results implied a link between VEGF-A/VEGFR-2 axis and TBMS1 induced pro-apoptotic and anti-metastatic effects.
We then overexpressed VEGF-A and VEGFR-2 respectively in NCI-H1299 cells and conducted flow cytometry, wound healing and matrigel-based invasion assays to explore the apoptosis, migration and invasion of NCI-H1299 cells. NCI-H1299 cells transfected with pcDNA3.1-VEGF-A and pcDNA3.1-VEGFR-2 displayed 3.80-fold and 2.94-fold higher mRNA levels along with 4.03-fold and 2.54-fold higher protein levels than those with respective pcDNA3.1 vectors transfected ( Fig. 3D-F ; P<0.001), indicating successfully overexpressed VEGF-A and VEGFR-2 in NCI-H1299 cells. Further study revealed that the apoptosis rates were decreased significantly in VEGF-A-overexpressing and VEGFR-2-overexpressing NCI-H1299 cells respectively than in non-transfected cells following the same TBMS1 treatment ( Fig. 3G; P<0 .01). As expected, the migration rates were notably elevated to 1.4-and 1.5-fold after 48 h of TBMS1 treatment in VEGF-A-overexpressing and VEGFR-2-overexpressing NCI-H1299 cells respectively compared with non-transfected TBMS1-treated cells (Fig. 3H; P<0.05) . Meanwhile, overexpressing VEGF-A and VEGFR-2 stimulated the invasion of TBMS1-treated NCI-H1299 cells ( Fig. 3I; P<0.01) . Thus, the above results indicated that TBMS1-driven miR-126-5p enhanced the apoptosis and reduced the metastasis of NCI-H1299 cells through downregulating VEGF-A/VEGFR-2 axis.
TBMS1 inactivates ERK pathway to enhance the apoptosis and reduce the metastasis of NCI-H1299 cells.
TBHQ is a phenolic antioxidant functioning as an activator of ERK, and it requires the help from upstream signaling kinase MAPK/ERK kinase (MEK). To deduce changes in ERK1/2 pathway as a function of TBMS1, NCI-H1299 cells were exposed to 10 µmol/l TBMS1 for 48 h combined with TBHQ, then flow cytometry, wound healing and matrigel-based invasion assays were used to detect the apoptosis, migration and invasion of NCI-H1299 cells. The results showed that the elevated apoptosis rate of NCI-H1299 cells with TBMS1 treatment was sharply declined after combination with TBHQ ( Fig. 4A ; P<0.001). In addition, the migration rate and invasion number in TBMS1-treated NCI-H1299 cells upon addition of TBHQ were increased significantly compared with TBMS1 treatment alone ( Fig. 4B and C; P<0.01) . These results indicated that TBMS1 could inactivate ERK pathway to enhance the apoptosis and reduce the metastasis of NCI-H1299 cells.
The pro-apoptotic and anti-metastatic effects of TBMS1 in NCI-H1299 cells are mediated by overexpressing miR-126-5p induced inactivation of VEGF-A/VEGFR-2/ERK pathway.
We employed RT-qPCR and Western blot to address whether ERK1/2 pathway is the downstream mediator of miR-126-5p downregulated VEGF-A/VEGFR-2. We discovered that both mRNA and phosphorylation levels of MEK1 and ERK were declined significantly in NCI-H1299 cells upon TBMS1 treatment for 48 h in comparison with control ( Fig. 5A-C ; P<0.001), while inhibiting miR-126-5p prevented this decline ( Fig. 5A-C ; P<0.05). Next, we detected that overexpressing VEGF-A or VEGFR-2 in TBMS1-treated NCI-H1299 cells caused the elevated mRNA and phosphorylation levels of both MEK1 and ERK ( Fig. 5D-F; P<0.05 ). Taken together, we concluded that the pro-apoptotic and anti-metastatic effects of TBMS1 in NCI-H1299 cells are mediated by overexpressing miR-126-5p induced inactivation of VEGF-A/VEGFR-2/ERK axis.
Discussion
Our study demonstrate that TBMS1 boosts the apoptosis and inhibits the migration and invasion of NSCLC cells by overexpressing miR-126-5p induced inactivation of VEGF-A/VEGFR-2/ERK pathway, highlighting a therapeutic pathway of TBMS1.
Clinical researches proved that the reduced miR-126-5p is the most differentially expressed miRNA in lung cancers (24) . In addition, Felli et al revealed that overexpression of miR-126-5p actuated the reduction of proliferation, invasion, propagation and chemotaxis in melanoma cells (25) . In the present study, we detected the significantly downregulated miR-126-5p in NSCLC tumor tissues, but the expression of miR-126-5p was raised much higher after TBMS1 administration in NCI-H1299 cells, we therefore speculate that TBMS1 may upregulate miR-126-5p to induce antitumor effects in NSCLC cells. Then we found that the pro-apoptotic and anti-metastatic effects of TBMS1 were notably abrogated by inhibition of miR-126-5p in NCI-H1299 cells, which results proved our conjecture.
Except for angiogenesis, VEGF-A-stimulated response also contains the invasion, migration, and survival of cancer (26) (27) (28) , which is largely attributed to VEGFR-2 for its potent tyrosine kinase activity (29) . VEGF-A binding to VEGFR-2 induces dimerization and transautophosphorylation of cytoplasmic tyrosine residues to trigger diverse cellular responses (29, 30) . Overexpression of VEGF-A has been implicated in most human tumors, including NSCLC, and is associated with increased tumor recurrence, metastasis, and poorer prognosis (31) (32) (33) (34) (35) (36) . It is a well-established fact that VEGF-A is a direct miR-126-5p target, and miR-126-downregulated VEGF could inhibit the proliferation of lung cancer cells (37) . Accordingly, we found that TBMS1 downregulated VEGF-A through miR-126-5p, and overexpressing VEGF-A prevented TBMS1-mediated, miR-126-5p-dependent antitumor effects in NCI-H1299 cells, overexpressing VEGFR-2 yielded similar results, indicating that VEGF-A/VEGFR-2 are the downstream pathway of TBMS1 induced overexpression of miR-126-5p. ERK1/2 pathway is an important member of MAPKs pathway capable of promoting growth, invasion, angiogenesis and metastasis by increasing the secretion of MMP-9 and the phosphorylation of ATF-2 (38-40). Liu et al identified that TBMS1 sensitizes cisplatin in cisplatin-resistant human ovarian cancer cells through downregulation of ERK and upregulation of p38 signaling pathways (41) . In NSCLC, we discovered that inhibiting ERK pathway in TBMS1 treated NCI-H1299 cells could resulted in the pro-apoptotic and anti-metastatic effects, but above inactivation of ERK pathway was prevented upon inhibiting miR-126-5p, confirming that ERK pathway is also the downstream pathway of TBMS1-mediated, miR-126-5p-dependent antitumor effects.
VEGF-A/VEGFR-2/MEK1/ERK1/2 signaling pathway converge on the nucleus leading to DNA replication, cellular proliferation and migration. In vitro study demonstrated that overexpression of VEGF-A augmented cell proliferation and migration through this pathway, thereby inducing a more invasive tumor phenotype (42, 43) . The phosphorylation of VEGFR2 at Tyr1175 induces PIP2 hydrolysis by activating PLCγ to trigger ERK pathway. Silencing VEGFR-2 blocked the phosphorylation of ERK1/2 in lung cancer cells (44) . Santos et al found that the intracellular VEGFR-2 inhibitor promoted apoptosis of acute myeloid leukemia cell lines through inhibiting ERK1/2 pathway (45). We found the reduced phosphorylation level of VEGFR2 under TBMS1 treatment, and further discovered that the inactivation of ERK pathway induced by TBMS1 was prevented when VEGF-A or VEGFR-2 was overexpressed in NCI-H1299 cells, indicating that VEGF-A/VEGFR-2/MEK1/ERK1/2 axis act as a direct mediator of TBMS1-mediated, miR-126-5p-dependent antitumor effects.
In conclusion, our present study gradually recognized and confirmed that TBMS1 could increase the expression of miR-126-5p, then miR-126-5p targeted VEGF-A inactivated the VEGF-A/VEGFR-2/ERK1/2 pathway to boost apoptosis and suppress migration and invasion in NCI-H1299 cells. Our data explained the mechanism of TBMS1-mediated antitumor effects in NCI-H1299 cells. TBMS1 may become a promising candidate for NSCLC therapy. Figure 5 . The pro-apoptotic and anti-metastatic effects of TBMS1 in NCI-H1299 cells are mediated by overexpressing miR-126-5p induced inactivation of VEGF-A/VEGFR-2/ERK pathway. NCI-H1299 cells were transfected with or without miR-126-5p inhibitor before TBMS1 treatment for 48 h, followed by RT-qPCR analysis of MEK1 and ERK mRNA expression levels (A), as well as western blot analysis of (B and C) MEK1 and ERK phosphorylation levels. Representative blots are shown. Overexpressing VEGF-A or VEGFR-2 NCI-H1299 cells were exposed to 10 µmol/l TBMS1 treatment for 48 h, followed by RT-qPCR analysis of MEK1 and ERK mRNA expression levels (D), as well as western blot analysis of (E and F) MEK1 and ERK phosphorylation levels. Representative blots are shown. Experiments were done in triplicates for statistical significance, and all results are expressed as mean ± SD. 
